WestVirginiaUniversity
THE RESEARCH REPOSITORY @ WVU

Graduate Theses, Dissertations, and Problem Reports

2009

Organic matter processing and opportunities for stream
mitigation in an intensively mined West Virginia watershed

Megan Stephanie Minter
West Virginia University

Follow this and additional works at: https://researchrepository.wvu.edu/etd

Recommended Citation

Minter, Megan Stephanie, "Organic matter processing and opportunities for stream mitigation in an
intensively mined West Virginia watershed" (2009). Graduate Theses, Dissertations, and Problem Reports.
2822.

https://researchrepository.wvu.edu/etd/2822

This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses,
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU.
For more information, please contact researchrepository@mail.wvu.edu.


https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/etd
https://researchrepository.wvu.edu/etd?utm_source=researchrepository.wvu.edu%2Fetd%2F2822&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchrepository.wvu.edu/etd/2822?utm_source=researchrepository.wvu.edu%2Fetd%2F2822&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:researchrepository@mail.wvu.edu

Organic matter processing and opportunities for stream mitigation in an
intensively mined West Virginia watershed

Megan Stephanie Minter

A THESIS

Submitted to
The Davis College of Agriculture, Forestry, and Consumer Sciences
at
West Virginia University
in partial fulfillment of the requirements
for the degree of

Master of Science
In
Wildlife and Fisheries Resources

J. Todd Petty, Ph.D., Chair
Kyle J. Hartman, Ph.D.
J. Steven Kite, Ph.D.
Wildlife and Fisheries Resources Program
Division of Forestry

Morgantown, West Virginia
2009



ABSTRACT

Organic matter processing and opportunities for stream mitigation in an
intensively mined West Virginia watershed

Megan Stephanie Minter

Mountaintop removal /valley fill mining is a controversial process that may have
far-reaching impacts on central Appalachian watersheds. Our project sought to
quantify spatial and temporal variation in organic matter processing within Pigeon
Creek, an intensively mined sub-watershed of the Tug Fork River in southern West
Virginia. Our objectives were to: 1) quantify variation in organic matter retention
and decomposition among streams differing in size (drainage area), gradient, and
structural complexity; and 2) quantify the effect of valley fills on stream flow, water
chemistry, organic matter processing, and benthic invertebrate colonization of
detritus packs in 15t order perennial streams. Our study area consisted of 26 sites
distributed across a wide range of stream sizes (ephemeral channels to large
perennial streams). Four of the small perennial sites were located below large
valley fills and were paired to four undisturbed sites. At each site we quantified
water temperature (continuous), stream flow (continuous), habitat quality and
complexity, water chemistry (seasonal), artificial leaf and stick transport (seasonal),
leaf pack decomposition (seasonal), and invertebrate colonization (seasonal).
Organic matter decomposition rates were variable, but unrelated to any
environmental factors that we measured. Drainage area, channel complexity, and
mining had a significant interactive effect on transport distance of leaves and sticks.
Sites below valley fills had enhanced flow levels, but this did not result in higher
transport levels. Also, sites below valley fills had significantly higher conductivity,
but this did not produce a significant effect on organic matter decomposition or on
benthic invertebrate colonization of leaf packs. These results add to our
understanding of complex interactive effects of mining on stream ecosystem
functions and our ability to compensate for lost headwater functions through
restoration actions downstream.
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Executive Summary

Introduction

Headwater streams are important to riverine ecosystem function, because
they connect upland areas to larger streams and rivers. While highly variable in
conditions, these streams provide important habitat for macroinvertebrates, plants,
and small vertebrates. These streams are also tightly coupled to the land
surrounding them (Gomi et al. 2002) and receive the bulk of the organic matter
inputs in the watershed. They are very important for retaining and breaking down
organic matter and this contributes nutrients to downstream ecosystems. Riparian,
hydrologic, and substrate features all work in conjunction to retain organic matter.
Headwaters have a high ratio of retentive features to stream width and retain much
of the organic matter entering them (Brookshire and Dwire 2003).

Headwaters are often very vulnerable to land use impacts. One form of land
use that can greatly affect these small streams is mountaintop removal (MTR)
mining. This form of mining is common throughout southwestern West Virginia. It
involves removing the overburden from layers of coal, extracting the coal, and
replacing the overburden. However, not all overburden is placed back on the
mountain. The leftover rock is placed into headwater valleys into what is called a
“valley fill.” Valley fills permanently bury some headwater streams and remove
their organic matter processing ability from the watershed. Valley fills also can have

negative impacts on water quality (Hartman et al. 2005), macroinvertebrate



communities (Merricks 2003; Pond et al. 2008), sedimentation (Wiley and Brogan
2003), and flow regime (Wiley et al. 2001; Phillips 2004).

Mountaintop removal mining has just begun to be studied and several
questions are still to be answered: What are the functional losses related to organic
matter processing experienced in impacted headwater streams? What is the extent
to which organic matter processing varies spatially in mined watersheds? What is
the opportunity for recovering lost organic matter processing through stream
channel restoration in larger perennial streams? What, if any, direct impacts do
valley fills have on the organic matter processing ability of headwater streams

directly downstream?

Objectives

This study consisted of two different parts. Part one sought to quantify
watershed scale variability in organic matter processing ability within an
intensively mined region in southern WV. Part two examined the direct effects of
MTR mining on organic matter processing in streams immediately downstream of

valley fills.

Part 1: The overriding objective of part of the study was to quantify organic matter
processing across a stream size gradient ranging from ephemeral to large perennial
streams. To accomplish this objective we had four specific objectives: 1. To quantify
spatial and seasonal variation in organic matter retention and decomposition as a
function of stream size, gradient, temperature, water quality, and structural
complexity. 2. To quantify the overall organic matter processing ability lost on a per

linear meter basis from headwater streams typically impacted by MTR mining. 3.



To determine if lost organic matter processing ability could be offset through stream
channel restoration projects designed to increase channel complexity and physical
retentiveness. 4. To calculate a mitigation ratio defined as the length of perennial
stream restoration needed to offset functional losses per meter of disturbed
headwater stream.

We hypothesized that organic matter processing rates would change across
the stream size gradient. Larger streams with higher flow would be less retentive
and therefore have lower processing rates. Higher gradient alone may cause a
stream to be less retentive, but combined with the fact that most higher-gradient
streams tend to be smaller and more structurally complex, many interacting factors
probably exist. We further hypothesized that larger streams would have faster
decomposition rates than smaller ones because they are wetter and mechanical
breakdown would be greater.

Part 2: The overriding objective of this study was to quantify the effects of valley

fills on organic matter processing, flow variability, and structural complexity in
small perennial streams. To accomplish this objective we compared organic matter
processing rates in streams immediately downstream of valley fills to those of
control sites. Leaf decomposition rates were measured as well as instantaneous and
long-term retention. Processing ability was also calculated using retention and
decomposition data. Each site was also scored for its’ biotic and abiotic
retentiveness and habitat quality. Finally, flow and temperature variability were

continuously monitored at each site.



Study Area/Design

The study area was located on Pigeon Creek in Mingo County, West Virginia.
Pigeon Creek is a tributary of the Tug Fork River and has an approximate basin area
of 370 kmZ2. This watershed has several interacting factors that have an impact on
local conditions. The area is heavily mined; both surface mining and underground
mining take place there. Also, the watershed is impacted by residential
development. Development is most evident in the lower part of the watershed and
mining is present in the headwaters.

For part one of the study, a total of 23 sites were selected to represent a
range of basin areas and differing levels of impact around the watershed. The basin
area covered in this study ranged from approximately 0.2 km?2 to 165 km?2 and
includes ephemeral channels to large perennial sites.

For part two of the study, four small perennial stream sites were taken from
part one and used as control sites. Four additional small perennial sites positioned
below valley fills were selected. All eight sites were headwater reaches with basin
areas ranging from 0.80-1.09 km2. All of the sites were similar in terms of channel

width and basin area except for the association with a valley fill or not.

Methods (Part 1 and 2)

Field Sampling
Water quality, water temperature, and physical habitat characteristics were
measured at each site. At sites included in part two of the study, water level was

measured every ten minutes with monitors installed at each site (OnSet Corp).



Habitat measurements included: Rapid Visual Habitat Assessment (RVHA) (Barbour
et al. 1999), Bank Erosion Hazard Index (BEHI) (Rosgen 2001), thalweg profile
(Petty 2001), and “retention scores.” The “retention score” is a visual method for
scoring a stream’s structural retentiveness that we developed for this study
(Appendix 1).

Organic matter retention was measured at each site for three different
seasons and decomposition was measured at a subset of the part one sites for three
seasons (Chapter 2: Table 2) (Lamberti 1996). Retention and decomposition were
measured at all sites included in part two. Retention measurements included
instantaneous and long-term retention. Instantaneous retention was measured
with pieces of construction paper cut into small artificial leaves (10 cm x 13 cm). For
long-term retention, fifty individually-numbered dowel rods were then released into
the channel and allowed to remain for six weeks. Every other week, the distance
each dowel had traveled was recorded. To measure decomposition, twelve leaf
packs were placed in a riffle at each site and allowed to decompose for 75 and 120
days. Leaves were ashed and processed according to Benfield (1996).

Stream processing ability was also calculated as the product of organic
matter retention and decomposition. Processing ability is a unit-less instantaneous
rate that describes the ability of a stream reach to retain and decompose organic
matter locally. Processing ability is important, because organic matter that is
processed locally has a greater potential for being incorporated into the local food

web, and it has a greater potential for subsidizing food webs downstream.



Statistical Methods

For the statistical analysis in part 1, stream types were grouped into three
size-based groups: Ephemeral/Intermittent (6 sites), Small Perennial (8 sites), and
Medium and Large Perennial sites (6 sites).

A combination of Principle components analysis (PCA), ANOVA and
regression were used to analyze the data. PCA summarized and grouped habitat
measurements. ANOVA determined any differences among drainage area types in
terms of decomposition and retention. Two-way analysis of variance was used to
determine effects of drainage area type and season on average transport distance
and decomposition. Stepwise multiple regression with backward selection was
used to create models for the prediction of average transport distance based on
drainage area, gradient and structural complexity.

The statistical analysis in part 2 was similar to that in part 1. T-tests were
used to compare valley fill and control sites using decomposition rates, dowel
transport distances, and water quality and habitat variables. Two-way ANVOA was
used to determine the interacting effects of season and stream type (control or
valley fill) on water level, temperature, water quality, organic matter transport and

decomposition, and macroinvertebrate data.

Results
Part1:

There was a significant positive relationship between basin area and overall
transport distance and basin area was the best predictor of transport distance for

each season. However, decomposition did not vary with basin area or any of the



habitat variables. Stepwise multiple regression with backward selection results
show that structural complexity was important for increasing organic matter
retentiveness in small perennial streams, but not in large perennial or ephemeral /
intermittent streams.

Because stream restoration in small and large perennial streams is often
used as mitigation for impacts to ephemeral / intermittent streams, we calculated
processing ability trading ratios for small and large perennial streams relative to
ephemeral / intermittent streams. We found that for every 100 meters of ephemeral
channel lost, 370 meters of heavily-impacted small perennial would need to be
restored to regain lost processing ability (i.e., a 3.7 - to - 1 trading ratio).

Part 2:

Structural complexity was important for retention in the small headwater
streams in part 2. However, there was no significant difference between valley fill
and control sites in terms of retention, decomposition, or habitat conditions.
Although not statistically significant, water levels below valley fills tended to be

more stable and higher than those of control sites.

Conclusions

On a drainage area scale, the best predictor of dowel and leaf transport
distance was basin area. However, decomposition did not differ among basin areas.
Water quality also did not vary among basin areas, which could help explain the lack
of difference among decomposition values. Structural complexity and retention may
be more of a force behind processing ability than decomposition rates. Our results

indicate that structural complexity may play a role in processing ability in small



perennial sites. However, small perennial sites are inherently highly variable and
many interacting factors influence organic matter processing.

Our results also indicate that the streams that are lost or most impacted in
MTR mining are also the ones that possess the highest processing ability. Off-site
mitigation needs to focus on restoring small streams elsewhere in the watershed.
According to our calculations with processing ability units, for every 100 meters of
ephemeral channel lost approximately 370 meters of a degraded small perennial
stream will need to be restored to begin to incorporate the lost processing ability of
the ephemeral streams. Because we found that structural complexity did not
influence processing ability in larger perennial streams, we do not believe that
restoration in larger streams can be justified as mitigation for impacts to ephemeral
/ intermittent streams. Using the processing ability units, restoration efforts can be
designed to make the most of mitigation where mitigation is possible.

In comparisons between valley fill and control sites, organic matter
retention, decomposition rates, and processing ability did not differ between the
sites. However, there seems to be an altered flow regime below valley fills: flows
below valley fills were more stable than in control sites. Valley fills’ sediment ponds
and altered hydro-geology allow for flows to be more stable and higher than those
of control sites. Higher flows may also be contributed to increased runoff due to less
vegetation on valley fills. While these altered flows did not have a significant effect
on dowel transport distances or decomposition, it is possible that flow interacts
with other factors that cancel out the effects that flow alone would have on organic

matter processing. With a detectable difference in flow, it is possible that there are



other interacting, underlying factors impacting streams below valley fills. As in part
1 of the study, these small headwater streams are highly variable in condition and
it’s hard to tease apart effects of valley fills and land use from inherent variability of
structural complexity in small perennial sites.

Small perennial sites turned out to be the focus in both parts of this study
and also represented the most variability in the study. Structural complexity
matters in these small streams and mitigation may be used to improve organic

matter processing ability in a heavily-impacted watersheds.
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Organic Matter Processing in Streams Along a Drainage
Area Continuum: Towards a Functional Mitigation
Currency in Mined Watershed

Introduction

Small headwater streams play an important role in watershed ecology.
Although there are many definitions of a headwater stream, it is generally accepted
that ephemeral, intermittent, and first order perennial streams make up a
watershed’s headwaters (Richardson and Danehy 2007). These streams connect the
upland landscape to large rivers by retaining, processing, and exporting water,
nutrients, and organic matter from upstream to downstream (Vannote et al. 1980).
Headwaters are often overlooked because most contain very few, if any, permanent
fish populations. However, up to 80% of the stream length in a watershed can be
made up of headwater streams (Meyer 2001). These small streams break down
leaves (Vannote et al. 1980; Webster et al. 1999), provide habitat for
macroinvertebrates (Wallace et al. 1997; Wipfli 2005), and sometimes provide
temporary refugia for small fishes (Wigington et al. 2006).

The headwaters of a stream form the beginning of a continuous pattern of
transport, production, and utilization of material. Headwater streams are closely
tied to the land surrounding them and receive large inputs of organic matter. These
streams are very dependent on inputs of organic matter for productivity since many
have a nearly complete canopy cover (Wallace et al. 1997; Richardson and Danehy
2007). They are very important for retaining and breaking down organic matter

and this contributes nutrients to downstream ecosystems. Organic matter must be
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trapped within the stream in order for it to break down and supply nutrients to the
ecosystem. Riparian, hydrologic, and substrate features all work in conjunction to
retain coarse particulate organic matter (CPOM). Fisher et al. (1998) defined
retention as the net amount of material removed from active transport. Headwaters
are highly retentive, having a high ratio of retentive features to discharge
(Brookshire and Dwire 2003). Retention is also highly dependent on stream
morphology. CPOM retentiveness is increased with increasing channel roughness,
and frequency of backwaters and lower velocity flow (Allan 1995). Therefore,
streams are most retentive during low flow or baseflow, whereas most transport
occurs during high runoff events.

Larger streams generally have lower retention than smaller ones (Wallace et
al. 1982; Minshall et al. 1983; Naiman et al. 1987). Leaves and sticks are retained in
pools and meanders, and on large woody debris, tree roots, boulders, and other
items that add structural complexity to a stream channel. Streams that are more
structurally complex may be better at retaining and breaking down organic matter
than ones that are less complex. Studies have shown that streams with less large
woody debris have lower retention (Jones and Smock 1991; Ehrman and Lamberti
1992; Webster et al. 1994). Smaller streams also tend to have more retention
features than larger ones (Wallace et al. 1982). Differences in channel morphology
are essential in creating leaf litter patches and in processing organic matter
(Brookshire and Dwire 2003; Hoover et al. 2006).

Since many fishless headwaters are often overlooked, these streams can be

vulnerable to impacts from land-use. One type of land use that greatly impacts
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headwaters is mountaintop removal mining (MTR mining) (Hartman et al. 2005;
United States Environmental Protection Agency 2005; Pond et al. 2008). In this
type of mining, overburden on top of coal layers is removed. After the coal is
extracted, some of the overburden is replaced on site and some of it is placed into
adjacent headwater valleys creating a valley-fill (Slonecker 2001). The ephemeral,
intermittent, and sometimes small perennial streams in these valleys are
permanently buried and can no longer contribute to the watershed’s productivity.
Hence, there exists a large need to mitigate for lost headwater function in surface
mined watersheds. Since headwaters are such an integral part of the watershed, the
loss of these streams can have far-reaching effects across an entire drainage.

MTR mining is especially common in southwestern West Virginia. This form
of mining can have negative impacts on water quality (Hartman et al. 2005),
macroinvertebrate communities (Merricks 2003; Pond et al. 2008), sedimentation
(Wiley and Brogan 2003), and flow regime (Wiley et al. 2001; Phillips 2004). Pond
et al. (2008) found that streams below valley fills are characterized by impaired
macroinvertebrate communities. Baseflows in these streams can also be 6 to 7
times higher than in non-impacted sites (Wiley et al. 2001).

In addition, mountaintop removal mining in southern West Virginia is often
coupled with considerable alteration of larger streams through residential
development. Many larger streams in southern West Virginia watersheds are
channelized and pinned against roadways. Dredging is also a common practice in

this region following high flow events. The combination of disruption of the
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headwater catchment and the impacts downstream may have a large effect on
organic matter processing.

Studies on the effects of MTR mining on watersheds leave several
unanswered questions: What are the functional losses related to organic matter
processing experienced in impacted headwater streams?; What is the extent to
which organic matter processing varies spatially in a mined watershed?; and What
is the opportunity of recovering lost organic matter processing function through
stream channel restoration in larger perennial streams? Given these questions, the
overriding objective of this study was to quantify organic matter processing across a
stream size gradient ranging from ephemeral to large perennial streams within the
upper Pigeon Creek watershed, an intensively mined watershed in southern WV.
Specifically, we sought to: 1. quantify spatial and seasonal variation in organic
matter retention and decomposition as a function of stream size, gradient,
temperature, water quality, and structural complexity; 2. quantify the overall
organic matter processing ability lost on a per linear meter basis from headwater
streams typically impacted by MTR mining; 3. determine if lost organic matter
processing ability could be offset through stream channel restoration projects
designed to increase channel complexity and physical retentiveness; and 4.
calculate a mitigation ratio defined as the length of perennial stream restoration
needed to offset functional losses per meter of disturbed headwater stream.

We hypothesized that organic matter processing rates would change across
the stream size gradient. Larger streams with higher flow would be less retentive

and therefore have lower processing rates. Higher gradient alone may cause a
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stream to be less retentive, but combined with the fact that most higher-gradient
streams tend to be smaller and more structurally complex, many interacting factors
probably exist. We further hypothesized that larger streams would have faster
decomposition rates than smaller ones because they are wetter and mechanical
breakdown would be greater. We assumed that the mitigation ratio relating the
length of perennial channel restoration needed to offset the lost functions per meter
of headwater channel impact would exceed 1:1. However, we had no a priori

expectation of how large a ratio would be required.

Study Area

Pigeon Creek is a subwatershed of the Tug Fork River in southern West
Virginia. It has been affected by surface mining for decades and continues to be
mined intensively (Figure 1). The watershed is also heavily impacted by residential
development (Figure 2). At our largest site, the watershed covers approximately
165 km2. The entire Pigeon Creek subwatershed is approximately 320 km2. Major
tributaries include Rockhouse Creek and Elk Creek. A total of 23 sites on 20
streams were included in this study. The basin areas above each site range from
approximately 0.2 km? to 165 km? and included ephemeral channels to large
perennial sites (Table 1). Since this area is both heavily mined and also impacted by
development, there is a need for mining mitigation in the form of stream
restoration. The area contains many potential opportunities for offsite mitigation to

improve general conditions in the region.
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Methods

Study Design/Site Selection

The study consisted of 23 sites along a basin area continuum. The ArcGIS
version 9.2 (ESRI 2006) was used to calculated drainage area (Strager et al. 2009).
These sites were classified as follows:

E: ephemeral headwater: basin area: 0.16-0.18 km?; 3 sites

[: intermittent headwater: basin area: 0.43-0.53 km?; 3 sites

SP: small perennial headwater; basin area: 0.80-3.40 km?; 11 sites
MP: medium perennial; basin area: 10.1-31.9 km?; 3 sites

LP: large perennial; basin area: 41.8-164.4 km?; 3 sites

The guidelines in Fritz (2008) were followed when delineating headwater
reaches and identifying ephemeral and intermittent streams. We included a large
number of small perennial sites because we expected to observe a wide range of
organic matter retentiveness in this size of stream. In addition, we believed that this
size stream may provide some opportunity for increasing organic matter processing

functions through stream channel restoration.

Physical and Chemical Characteristics

Water quality, water temperature, and physical habitat characteristics were
measured at each site. Measurements of habitat and water quality help assess
current conditions in the watershed and identify potential sites for restoration in
the future. Since organic matter retention is linked to structural complexity

(Brookshire and Dwire 2003), quantifying habitat offers a more complete picture of
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stream function. Conductivity (uS/cm) was measured as a surrogate of water
quality in April 2007, November 2007, and April 2008. Pond (2004) found that
conductivity was significantly correlated with the Kentucky Macroinvertebrate
Bioassessment Index used to assess stream quality. A YSI 600 XL Multi-Parameter
Water Quality Monitor (YSI Incorporated, Yellow Springs, OH) was used to take
these measurements in the field.

Habitat characteristics were measured at each site in Summer 2008.
Measurements included: Rapid Visual Habitat Assessment (RVHA) (Barbour et al.
1999), Bank Erosion Hazard Index (BEHI) (Rosgen 2001), thalweg profile (Petty et
al. 2001), and “retention scores.” Temperature data was taken every hour at each
site using continuous temperature loggers (OnSet Corp) from May 2008 to January
20009.

The thalweg profile is a habitat survey conducted along the thalweg of each
site (Petty et al. 2001). It includes measures of depth, channel unit (riffle, run, pool,
glide), distance to nearest fish cover, distance to nearest retentive feature, large
woody debris count, pebble count (Wolman 1954), and gradient. Large woody
debris were classified based on length and diameter (Petty et al. 2001). Fish cover
was defined as any object within the active channel capable of concealing a 20-cm
fish. A retentive feature was any physical feature of the stream capable of retaining
organic matter at the high water mark. Gradient was measured to the nearest 0.1%
using a clinometer. Study reach lengths were set at 40 x mean stream width (MSW),
and points along the thalweg were spaced every %> MSW for streams wider than 5 m

and every 1 MSW for streams narrower than 5 m (Petty et al. 2001).
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The “retention score” is a visual method for scoring a stream’s structural
retentiveness that we developed for this study (Appendix 1). It scores like an extra
category for the RVHA protocol. Retentiveness is based on two separate parts of a
stream’s structure: abiotic retentiveness and biotic retentiveness. Abiotic
retentiveness refers to a stream’s ability to retain organic matter with abiotic
features. Biotic retentiveness refers to a stream'’s ability to retain organic matter
with biotic features. After walking the entire stream reach, a stream is scored based
on how well it will retain organic matter (small sticks and leaves). Scores are based
on what would be ideal for that particular basin area. For example, a small
headwater stream will be inherently more retentive than a 37 or 4th order stream.
The larger stream doesn’t score lower than the headwater stream just based on size
alone. If both streams were optimal for their size, they both would receive the same
score. For the purpose of this habitat assessment, a stream is scored based on its
inorganic retentiveness and its organic retentiveness. Abiotic retentive features
include: boulders, undercut banks, a natural meander pattern, and side pools.
Organic retentive features include: large woody debris (LWD), root wads, and

overhanging limbs.

Organic matter retention, decomposition, and processing ability

Organic matter retention was measured at each site for three different
seasons and decomposition was measured at a subset of the sites for three seasons
(Table 2) (Lamberti 1996). These measurements help quantify how a mined
watershed processes organic matter and how this process varies spatially and

seasonally. Retention included instantaneous and long-term retention.
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Appendix 1: Procedure developed and used to give each stream a retentive
score

Retentiveness is based on two separate parts: abiotic retentiveness and
biotic retentiveness. The stream should be scored on how well it will retain organic
matter (small sticks and leaves) after walking the entire reach. The important thing
to remember is to score streams based on what would be ideal for that particular
stream’s basin area. For example, a small headwater stream will be inherently more
retentive than a 3™ or 4th order stream. The larger stream shouldn’t score lower
than the headwater stream just based on size alone. If both streams were optimal
for their size, they would both receive the same score.

Headwater streams tend to have more LWD and more boulders to catch
organic matter. Also, water levels are lower so more organic matter is retained. An
ideal headwater stream will have many LWD pools and riffles with rocks and
boulders protruding above the water surface. Boulders, sharp bends, LWD, pools,
and root wads are ideal for retaining organic matter. These features are also
important in larger streams, but in a large stream, they will be more spaced out.
Streams with good fish cover will usually get a high retentiveness score. Having a
good velocity depth regime is important in a large stream because pools retain lots
of organic matter. Also boulders that protrude above the surface, undercut banks,
and LWD that spans the entire width of the channel make excellent retentive
features. Retentive features in larger streams also need to be larger than ones in
headwater streams because of the difference in discharge.

Retentive features fall into two categories: small retentive features and large

retentive features. Small retentive features include a single piece of LWD, a side
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pool, a section of undercut bank, or a single boulder. What distinguishes large
features from small ones is that large features are capable of retaining organic
matter during a bankfull event. These would include debris jams, very large
boulders, and groups of boulders. It is important, especially in larger channels, that
large retentive features be present throughout the reach. Retentive features often
can easily be seen in the Fall because leaf packs will be present on the upstream side
of them.

For the purpose of this habitat assessment, a stream is scored based on its
abiotic retentiveness and its biotic retentiveness. Abiotic retentive features include:
boulders, undercut banks, a natural meander pattern, and side pools. Biotic

retentive features include: LWD, root wads, and overhanging limbs.

Category Descriptions
Abiotic Retention
Poor Category (0, 1, 2)
* Reach is channelized, no natural meander pattern
* Lack of ariffle pool sequence; 1 velocity-depth regime, usually slow-deep or
fast-deep OR stream bottom is mostly bedrock
* Boulders have been removed
* No undercut banks or side pools

* No more than 1 large retention feature in reach

Marginal Category (3, 4, 5)
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Extensive channelization, but not entire reach OR evidence of recent past
channelization

Stream mostly dominated by runs and glides; 2 velocity-depth regimes OR a
large portion of the stream bottom is bedrock

Few side pools with leaves on the bottom

Few protruding boulders or bends to retain leaves

No more than 2 large retention features in reach

Suboptimal Category (6, 7, 8)

Channel shape mostly has a natural pattern; human activity in floodplain
largely does not affect it

Boulders can be seen protruding above the surface of the water, but they are
small and spread out.

3 of the 4 velocity depth regimes are present and there are retention features
in fast water areas. Very few areas of bedrock

pools with leaves on the bottom are present throughout the reach, but they
may frequently get flushed out

No more than 3 large retention features in reach

Optimal Category (9, 10)

Channel has a natural meandering pattern
Protruding boulders can be seen throughout the reach
Stream has a natural velocity-depth regime

Retention features can be readily seen in fast water
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* Over 3 large retention features in reach
* Pools with leaves on the bottom can be seen throughout the reach

e Leaves are able to be retained on banks in bends

Biotic Retention
Poor Category (0, 1, 2)
* Obvious lack of LWD and pools formed by LWD; 1 or less
* No root wads that can retain leaves
* Very few leaf packs seen in reach
* No debris jams in reach

* No overhanging vegetation capable of retaining leaves

Marginal Category (3, 4, 5)
* Few pieces of LWD, root wads, and LWD pools
* Very few debris jams and leaf packs in reach
* 1 or 2 pieces of overhanging vegetation capable of retaining leaves may be
present
* Poor category will show almost no biotic retention features; marginal

category will have a few features, but most have been removed

Suboptimal Category (6, 7, 8)
* LWD is present in the reach, but some pieces may small, unstable, or not span
entire width of the channel
* Root wads and overhanging vegetation are present in the reach

* Leaf packs and debris jams can also be found in the reach
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Optimal Category (9, 10)

* LWD is present throughout the reach and it forms pools and is stable

* Overhanging limbs contribute to retaining leaves and sticks

* Root wads create areas where leaves can be retained

* Debris jams and leaf packs can be found throughout the reach and some

debris jams span the entire width of the stream
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